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We, Novo Tbrapeutisk Laboratorium 
A/S, a Danish Company of 115, Fuglebak- 
kevej, Copenhagen, Denmark, do hereby 
declare the invention, for which we pray that 
5 a patent naay be granted to us, and the method 
by which it is to be perfcnned, to be particu- 
larly described in and by the following state- 
ment:— 

It is known to use sterile plasmin solutions 
10 for different therapeutic purposes in which it 
is endeavoured to utilize the proteolytic pro- 
perties of the plasmin. The mode of adminis- 
tration depends on the character of the malady 
which it is intended to relieve or to cure. 
Thus, use has been made of injecdons c.g. in 
case of onpyema, hemothorax and sinusitis, 
and infusions, e.g. in case of thromboses and 
edemata. Furdier use has been made of insdUa- 
adons, e.g. in connection with fistulae of 
different kind and vaginitis. Use has also been 
made of surface application, e.g. in connection 
with wound treatments. 

Usually the activity of plasmin solutions 
is expressed in the number of plasmin units 
per noiliiUter. However, no definition of a 
plasmin unit has until now been internation- 
ally adopted. Here and in the following one 
plosmin unit means the amount of plasmin 
causing in 20 minutes the fomiation of decom- 
position products being soluble in pexcbloric 
acid and having an extinction of 1 unit at 
275mu under the following experimental con- 
ditions: 

1 milliliter of the plasmin solution die 
activity of which is to be determined and the 
pH of which is 7.5 is added to two test tubes 
each containing in 0.4 mdar phosphate buffer 
(pH 7.50j) I milliliter of a 3 per cenfs solu- 
tion of Hammarsten Casein said sohnion hav- 
ing been piehcated to 35.5<*C. After standing 
for 2 minutes in thermosut at 35.5®C there 
are_a dded to one of the tubes 3 milliliters of 
J 
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a^ 1.7 molar solution of perchloric acid in 
distilled water, and after standing for 22 
minutes at 35.5^C dierc is added to the other 
tube the same quantity of perchloric acid solu- 
tion. By the addition of the perchloric acid a 
precipitation takes place, and the two test 
tubes now stand for 20 minutes whereafter 
filtration two times through filtering paper 
(J. H. Munktells unrivalled Genuine Swedish 
Filtering Paper No. 0.9cm; is carried out. The 
extinction of the two solutions is thereafter 
measured at 275 mu in a Beckman D U 
Spectrophotometer (1 cm quartz cuvette), the 
value of the sample having stood for 2 minutes 
being used as blind value. The plasmin solu- 
tion the activity of which is to be determined 
is diluted to such an extent that the extinction 
does not exceed 0.5 as at higher plasmin 
concentrations no proportionality exists be- 
tween the extinction and the plasmin con- 
centration. 

While an aqueous plasmin solution having 
a pH-value of 2 to 3 is practically completely 
stable at temperatures up to 35^C, the same 
plasnun solution with neutral reaction (pH 7 
or the pH of the blood) is unstable provided 
the solution has not been gready dilmed. TTius, 
for instance, if one makes it a condition that 
the highest loss of plasmin permissible in the 
solution in the course of 2 hours at 25^C is 
20 per cent; plasmin solutions containing more 
than about 0.1 unit per milliliter would 
normallv be considered unstable. 

As the plasmin solutions used for thera- 
peutic puiposes contain considerably more 
plasmin, one has hitherto been compelled to use 
freshly prepared plasmin solutions and to put 
up widi possible losses of plasnwn. 

The primary object of tiiis invention is to 
provide an improved plasmin preparation. 

The present invention is based on the 
observation that the stability of therapeutic- 
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ally useful plasmin preparations can be coiif- 
siderably improved by adding thereto a specific 
quantity of one or more amino acids. Several 
investigators have previously carried out 

5 scientific tests in respea of the effect caused.. 

hy oHHitm n nf differetff-gmino-aclds to 

aqueous systems containing pksmin and its 
pbrenzyme plasminogen. Tliese qualitative 
tests have shown that according to their 

10 chemical structure the employed amino adds> 
• even in very low concentrations, are able to 
inhibit the convertion of the plasminogen into 
plasmin in the living organism to a more or 
less pronounced degree and thereby to prevent 

15 temporarily a plasmin activity in vivo. This 
does not} however, permit to <kaw any specific 
conclusions as to the influence of amino acids 
on the stability and activity of plasmin solu- 
tions in vitro, 

20 The addition of amino add has also proved 
to augment the solubility of the plasmin in 
the aqueous medium. While a neutral solution 
of plasmin in water becomes turpid due to a 
predpitation of plasmin when the plasmin 

25 concentration is 0.01 unit and more per 
milliliter, it is possible by the addition of 
an amino add to produce dear neutral i>lasmin 
solutions having a plasmin concentration up 
to 25 units per milliliter. 

30 By the tests having led to the present 
invention and in which use has been made of 
a long series of different amino adds it has 
been found that tihe chemical structure of the 
amino adds influences their stabilizing effect. 

35 Thus it has proved to be most effective to use 
aliphatic amino monocarboscylic adds, esped- 
ally those in which at least one amino group 
in the amino acid is bound to a carbon atom 
which is separated from the carboxylic 

40 group(s) of die amino add by at least one 
carbwi atom. Particularly appropriate are 
aliphatic amino monocarboxylic adds with 
more than 3 carbon atoms and a terminal 
amino group since the stabilizing effea obtain- 

45 able seems to be the better the^ longer the 
distance is between the carboxyiic group of 
the amino add and its amino e;roup(s). 



According to one aspect of this invention 
we provide a plasmin preparation for thexa- 
peutic use, comprising plasmin and as stabil- 50 
izcr and solubilizer therefor 0.002 millimole to 
1. jnillimole, .preferably 0.05 millimole to 1 
millimole of amino acid per unit of plasmin« 
The plasmin preparation may for instance 
comprise a solid mixture of plasmin and amino 55 
acid, or an acidified aqueous plasmin solution 
containing amino add. 

According to another aspect of this invention 
we provide a process for making a plasmin 
preparation as defined in the preceding para- 
graph, which comprises dissolving plasmin in 
an aqueous injectable liquid medium at a pH 
value of 2 to 3, adding the required amoutit 
of amino acid, adjusting the pH value of the 
resultant mbcture to about 7, filtering the ^ 
mixture under sterile conditions and freeze* 
drying the mixture. 

In order to illustrate the stabilizing effea 
obtainable according to the present invention, 
reference is made in the following to a series 70 
of stabilizing experiments, i.e. with regard to 
the accompanying drawing in which: 

Figures 1 and 2 show graphically the stabil* 
izing effea of different amino adds. 

The stabilizing effea of a long series of 75 
amino adds has been e:;amioed in connection 
with plasmin originating from swine blood 
and dissolved in phosphate buffer (pH 7J). 
An aqueous solution of the amino add in ques- 
tion is mixed with the plasmin solution while 80 
diluting, if desired, in such proportions that 
the produced mixture contains about 0.4 
plasmin units per milliliter and 0.25 millimole 
of amino acid per plasmm unit if the solubility 
of the amino adds allows the said amino acid 85 
concentration. If not, a saturated amino add 
solution is employed. The amino add-contain- 
mg plasmin solution thus produced is placed 
in a thermostat at 35.5 C, and at different 
hours samples are taken which arc analysed 90 
for plasmin activity reckoned in per cent of 
the initial activity (about 0.4 unit per milli- 
liter). 
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Amino acid 


Table I 

% activity after 
60 minutes at 
35.5** C. 


% activity after 
120 minutes at 
35.5** C 


None 


55 


43 


Glycine 


57 


44 


Guanidino acedc add 


80 


68 


Creatine 


81 


60 


^alanine 


72 


66 


DL*valine 


60 


49 


DL-leudne 


72 


53 


DL-isoIeudne 


77 


57 


DL-norleudne 


72 


59 


L(+)-aspartic add 


60 


51 


DL-mcthionine 


69 


62 


Y-amxno butyric add 


97 


87 


L(+>dtn2lluie 


64 


54 


L-arginine 


78 


65 


a-N-acetyl-L-arginine 


92 


87 


L-ormthine 


92 


81 


8..an]ino caproic add 


85 


80 


L-lysine 


98 


96 


m-amino benzoic add 


73 


52 


o-andno benzoic add 


79 


68 


jp-amino benzoic add 


77 


63 


DL^phenyi alanine 


73 


55 


Lrhistidine 


64 


61 


L/i^aniyptopnane 


60 


48 


L(— )-proline 


62 


54 


L(— Vhydroxyproline 


69 


66 


Glycyl glydne 


88 


77 


None 


55 


43 
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Th& curves in Figures 1 and 2 show the caproic acid and lysine (a,€-diammo caproic 45 
stability obtainable under the above men- aad). Also ornithine (<r,d~diaraino valeric acid) 
tioned e2q>eiimental conditions, also after provides an excellent stabilizing effect 
storage at 35.5°C for a longer period of time, Also wiUi sulphurous amino acids it is 
5 while using the mendoned amino acids, the possible to obtain a stabilizing effca, vide e.g. 
abscissa of the curves mdicating the storage DL-methionine. 50 
period in hours and the ordinate the per cent The faa that an amino group is substi- 
of the original activity. For comparison the tuted v/ith a non-basic group does not prevent 
curve of stability of the employed plasmin the occurrence of the stabilizing etfect if the 
10 solution without addition of amino add is also amino acid still has a basic group far away 
shown. from the carboxj^c group. Thus «-N-acetyl- 55 

It will appear from the experimental L-argimne provides an excellent stabiUzing 
material that the stabilizing effect of aliphatic effect. 

«-amino adds is not very big at the employed While glycine only shows a faintiy stabillz- 

15 amino add concentration, the stabilizing effect, ing effect in the employed concentration, a 
however, increasing the longer the carbon chain strongly stabilizing effect is obtained with 60 
of the a-amino add is. If the carbon chain glycyl glycine, which is in conformity with 
of the a-amino acid is branched, the stabiliz- what has been mentioned above i.e. that it is 
ing effect of the «*amino acid will also in- important for the stabilizing effect that an 

20 crease. Further, it will be seen that the amino group is present so far as possible from 

stabilizing effect of «-amino adds will increase the carbaxylic group of the amino acid. 65 
violently if the amino group is substituted to The aromatic amino acids tested sliow a 

give the acid a more basic character. Thus, limited stabilizing effect in the employed con- 

guanidino acetic add and creatine show a centrations. Something similar applies to the 

25 stabilizing effect being considerably better tested heterocydic amino acids L(->proline 

than that of glycine and DL-valine. Moreover, and L(->-hydroKy proline. 70 
it will be seen that an introduction of add Glycyl glycine is to be considered a dipep- 

groups in an «-amino add causes the stabiliz- tide. Also other dipeptides, c.g. Icucyl glycine, 

ii^ effect to decrease. Thus, the stabilizing alanyl alanine and glycyl valine and higher 

30 effect of L(--)-aspargic acid is ahnost identical peptides, may be used though usually the 

with that of glycine. ordinary ammo acids are preferred due to the 75 

Aliphatic i/?-amino acids have a greater fact that they are more easily available and 

stabilizing effect than have a^amino acids, obtainable at a lov.'er price. For tiie purposes 

and with increasing distance betv/een the carb- of the present invention, however, dipeptides 

35 oxylic group of the ammo and its Jimino are included within the general term "amino 

group the stabilizing effect will increase. Thus, adds". 80 
e.g. T^amino butyric acids and e-amino caproic Tests corresponding to the above mentioned 

acid stabiUze considerably better than JS- ones in whidi use has been made of plasmin 

alanine. originating from swine blood, have also been 

40 The stabilizing effect will remain practically carried out under the employment of plasmin 
tpichanged even if an amino group in o-posi- originating from oxblood. In the table below 85 
tion is present in addition to the amino group the results obtained under the employment of 
spaced considerably from the carboxyUc group, the mentioned amino adds have been corn- 
compare the stabilizing effect of «-amino piled. 





Table II 




Amino add 0.25 millimole 
per plasmin unit 


% activity after 
60 minutes at 
35.5° C 


% activity after 
120 mmutesat 
35,5° a 


L-lysine 


85 


83 


Lrarginine 


86 


85 


e-andno capraie add 


100 


99 


None 


60 


45 



90 It will appear from the table bdow that blood. The experimental circumstances are 
amino acids also have a smbilizmg effea on identical to those mendoned above, 
solutions of plasmin originating from human 
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Tabib III 




Amino add 0.25 millimde 
per plasmin unit 


% activity after 
60 minutes at 
35.5' C 


% activity aftet 
t muiuies ai 
35.5' C 


L-lysine 


87 


78 


c-amino caprolc add 


94 


96 


None 


55 


32 



25 



As it will appear from table I the stabiliz- 
ing effect of glycine at a storage temperature 
of the plasmin solution of 35 J C is rather 
insignificant when the glycine is used in an 
amount of 0.25 miUimole per plasmin unit. 
It is, however, a general rule that an increase 
of the amino acid concentration within certain 
limits will cause an increased stability of the 
plastnin solutions. Thus, if use is made of an 
addition of glycine in a concentration of 
2.5 millimole per plasmin imit, the plasmin 
solution will after storage at 35.5^C for 60 
minutes show 73 per cent of its original activity 
compared with 57 per cent, only, of the 
original activity when the glydne has been 
added in a concentration of 0.25 milh'mole per 
plasmm unit. Something similar applies to the 
other amino acids which according to table I 
show a relatively insignificant stabilizing effect 
at the employed concentration. 

If a relativdy large amount of the amino 
adds as e.g. L-lysine or e-amino caproic adds 
showing a strongly stabilizing effect is added 
to the plasmin solutions, and the solutions are 
analysed for plasmin activity inunediately after 
the addition^ a plasmin activity smaller than 



that expected will be found. This is piobably 
due to the fact that the relativdy high amino 
add concentration will cause fonnation in 30 
appreciable amounts of a plasmin amino add 
complex which is not active. If, however, the 
solutions arc diluted before the analysis, the 
total plasmin activity will be foimd again. By 
way of illustration reference may be made 35 
to the following experiments: 

a) a plasmin solution from swine blood 
and containing about 0.4 plasmin units per 
milliliter and 2 millimoles of L-lysine per 
plasmin unit is produced in phosphate buffer 40 
(pH 7.5) whereafter the plasmin activity of 
the mixture is determined and compared with 
the activity of the plasmin solution without 
the amino acid addition and the activtiy of 
the mfamire is expressed in per cent of the 45 
activity of the unmixed plasmin solution. 
Thereafter a dilution of the solution is carried 
out expressed in the original volume of the 
plasmin solution divided by the volume of the 
plasmin solution after the dilution, and the 50 
activity of the diluted solutions is dctennined. 
The results of these experiments are compiled 
in the table bdow. 



Dilution 


Table IV 

Millimole L-lysine 
per ml 


Activity expressed 
in per cent of the 
total activi^ 


Undiluted 


0.8 


88 


4:5 


0.64 


84 


3:5 


0.48 


92 


2:5 


0.32 


100 


1:5 


0.16 


97 



55 b) the rame experiment as mentioned sub e-amino caproic acid instead of L-Iysine The 
a) IS earned out except that use is made of results are compiled in thTtable bdow!' 
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Table V 



Activity eicpressed 

Mfflimolc &<BiniDO in per cent of the 

Dilation capioicaddpernil total activity 



Undfluted 


0.8 


57 


4:5 


0.64 


65 


33 


0.48 


71 


23 


0.32 


' 84 


1:5 


0.16 


93 



As to the amount of amino acid wluch 
should be used in obtaining a stabilization 
utiiizable in practice, it should first be mcn- 

5 tioned that the stability both of a plasmin 
solution with no amino addition as v/ell as 
of a plasmin solution with an addition of 
amino add is highly dependent on the tem- 
perature at wMdi the solution is stored. At 

10 25^C the ludf-life period of an unctabillzed 
plasmin solution is about 4 to 5 times bigger 
than at 35.5^Q provided use has been made 
of the same plasmin concentration. Also the 





Table VI 




Millimole L-lysme 
per plasmin unit 


% activity after 
60 minntes at 
35.5- C 


% acthdty after 
120 minutes at 
35.5* C 


0.000 


55 


43 


0.031 


74 


52 


0.062 


89 


73 


0.125 


99 


84 


0.25 


100 


92 




Table VII 




Millimde Lrlysine 
per plasmin unit 


% activity after 
60 minutes at 

25' a 


% activity after 
120 minutes at 
25** C 


0.00 


77 


70 


0.005 


88 


78 


0.010 


91 


84 


0.021 


99 


91 


0.042 


100 


99 



Stability of a plasmin solution which has been 
stabilized by an amino acid addition is very 15 
dependent oa the temperature. In order to 
illustrate this reference may be made to the 
tables below which, just like table I, show 
die activity of a plasmin solution containing 
0.4 and 0,3 plasmin units per ml, respectively, 20 
having varymg amounts of L-lysine added 
thereto and having been stored for 60 minutes 
nnd 120 mimites, respectively, at S5,S^C and 
25°C, respectively. 
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If only a plasmin loss of about 20 per cent 
by standing for 2 hours at 25«*C and 35.50C 
respectively, is to be aUowed, it wiU be su£ 
cient at the first mentioned temperature to 
5 have a lysine concentration of about 0,005 
miUimole per plasmin unit, while ac 35J<*C 
a lysme concentration of about 0.1 miliimole 
per plasmin unit will be necessary. 

in ^ ^ ^ lower Hmit 

10 for the amino acid concentration utilizable 
in practice does not only depend on the kind 
of ammo acid to be used, but also on the 
demands which in each individual case wiU 
be made on the part of the clinics so far as 
15 the stability of the employed plasmin solutions 
is concerned. 

With lysine as an example it will be seen 
that in order to avoid a plasmin loss by stand- 
ing for two hours 35.5oC and a plasmin con- 
20 centration of 0.4 mole per ml it will be neces- 
^ to emply a lysine concentration of above 
0,25 miUimole per plasmin unit while the 
corresponding lysine concentration at 25°C is 
0.04 nullimole per plasmin unit. In practice 
25 It wiU, however, not be necessary to make 
such heavy demands on the stabDity. It will 
be possible to tolerate an activity loss of 20 
per cent dimng 2 hours at 25^C. 
As to lysine, the lower limit of the amount 
30 of lysme necessary in practice is fixed at 0.002 
mllunole per plasmin unit, and as lysine must 
be considered one of the amino acids having 
the most vigorous stabilizing effect use must 
al*rays be made of at least 0.002 mfllimole of 
35 amino add per plasmin unit in order to obtain 
a useful stabilizing effea. It is preferred tiiat 
the amount of amino acid exceeds 0.005 miUi- 
mole per plasmin unit. ExceUent stabilising 
effects wiU be obtained when the amino acid 
40 15 present in amounts within the range 0.05 
miUunole to 1 miUimole per plasmin unit. 

As it wiU appear from table IV, lysine wiU, 
when use is made of a plasmin concentration 
correspondmg to i unit per nuUimole lysine, 
45 have^ an inactivating effect on tiie plasmin 
solution provided the lysine is present in a 
concentration above 0.32 miUimole per ml. 
As, however, the inactivation, as it also 
appears from table IV, is reversible, since it 
50 disappears by dilution, and as the injeaion of 
the plasmin solutions, speciaUy by infusion, 
causes a vigorous dilution of the plasmin 
solution to take place, and the removal of 
ammo aads from blood and tissue fluids 
55 OCCUR many times more quickly than the re- 
moval of plasmin, it is for the purpose of the 
invcnuon possible to use lysine in concentra- 
uons neatly exceeding 2 miUimole per plasmin 
umt. ActuaUy, there exists no physiological 
60 upper Irniit for the employed amino acid 
anaount beyond the doses having toxic effect 
aad being of a magnitude quite different from 
the amino add amounts necessary for the 
purpose of the invention. 
65 For climcal reasons one wiU certainly for 



mtwvcnous purposes in general hesitate to 
make use of a plasmin solution contaming 
nich an amount of amino add that a part 
thereof is present in suspension in undissolved 
state m the plasmin solution. From a practical 70 
pomt of view the solubility of the amino acid 
is consequentiy to be considered as a guide for 
the maximal amino acid amount which should 
be used for intravenous injection, including in- 
fusion. The solubility of die different amino 75 
acids appears from the literature and is in 
most cases so big as to aUow the stabiliza- 
tion ouned a^ without the necessity of em- 
ploying concentrated amino add solutions.' 

If the plasmin solution is intended for in- 80 
fusion, the optimal amino acid concentration is 
the concentration giving the desired stabUity 
at the temperature of mfusion (10 to 36^Q 
m the infieion period (up to 3—4 houn). 
NinnencaUy it wUl be appropriate to use an 85 
ammo aad concentration of 0.005 to 1 milU- 
mole per plasmin unit dependent on the em- 
ployed amino add. 

In the tests referred to above use has been 
made of plasmin solutions having a plasmin 90 

"^^^^ ""^r^ respectively, per 

miUiliter. When usmg more concentrated sdu- 
^'S- containing 10 plasmin units per 
mfllihter, an appreciable initial loss of plasmin 
vjiU occur immediately by the adjustment of 95 
the pH-valuc from 2r^3 up to neutral reaction 
unless ammo adds are present in suffident 
amounte. Thus, in the course of a few minutes 
an mmal loss of 20 per cent may e.g. arise 
when an aadieed plasmin solution containing inn 
10 pl^ umts per miUiliter is adjusted ^ 

pH 7.5 at 25*>C even if lysine is pnscm in the 
solution m an amount of 0.002 miUimole per 
Dlasmin unit Sudi initial loss can, howevw-, 
teawided by increasing die ammo add con- 105 
cemranon. With a lysine content of 0.04 
milhmole per plasmin unit it is possible under 
the above mentioned experimental conditions 
to avoid completely an initial loss. 

In the production of concentrated plasmin no 
solutions having neutral reaction the said 
arcumsttnces should be taken into account 

In order to obtain the desired stabilization 
accoiximg to the invention it is possible to 
proceed m different ways. 

Ttas, a plasmin solution may be produced 
whidi soluaon is sterile ffltercd whereafter tiie 
gasmin is isolated from tiie solution e.g by 
fre^^rymg, salting out or prcdpitation and 
is fiUed mto vials if such filhng has not 120 
already taken place during tiie isolating step 
Thae may also be produced an aqueous amino 
solution which is sterile filtered and is filled 
into yiak Immediately before use of tiie 
plaraim, the plasmin from the vial is dissolved 125 
m the ammo add solution, thereby produdna 
a stenle and stable plasmin solution ready for 
use* 

It is also possible to produce a sterile filtered 
aqueous pksmin solution contaming one or 130 
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more amino acids and to bring the mbcture 
into dry state, e.g. by freeze-drying or pre- 
cipitation and to ffll tKe dry mixture into vials. 
Immediately before use of the plasmin the 

5 dry mixture b dissolved in sterile water, a 
buffer solution or the like, whereby a stabil- 
ized plasmin preparation will be produced. 

Further, it is possible to produce a sterUe 
aqueous plasmin solution which is adjusted 

10 to pH 1 to 4. Such add solution is stable 
for several months if it is stored at 4— 5°C 
By mixing such solution before use with a 
sterile aqueous amino acid solution which has 
either been buffered with one of the normal 

15 add-base-buffer systems or has a sufficient 
amftiQ add content, it is possible to obtain 
a neutral stable plasmin solution. 

Finally, it is possible to produce a sterile 
aqueous plasmin solution containing the neces- 

20 sary amount of amino add and having been 
adjusted to a pH-value of 1—5, preferably 

2 ^3. By mixing such solution with a sterile 

aqueous solution which has either been buffered 
with one of the normal acid-base-buffer sys- 

25 tem$> or which merely contains suffident base, 
it is possible to arrive at a neutral and stable 
plasmin sohition. 

In order to further illustrate the present 
invention reference is made to the below 

30 examples showing the production of stabilized 
plasmin solutions, pr^erably useful for in- 
fusion purposes. 

Example i. 
50 ml of an aqueous plasmin solution hav- 

35 ing a pH-value of 2.5 and containing 10 
plasmin units per ml are sterile filtered, freeze- 
dried and filled into vials. 50 ml of 0.2 molar 
phosphate buffer containing lysine in a con- 
centiation of 0.4 mole per liter are sterile 

40 filtered and filled into vleds, too. Immediately 
before die use of the plasmin, the freeze-dried 
plasmin is dissolved in the lysine soludon 
whereby a sterile stabilized plasmin prepara- 
tion having pH 73 is obtained. 

45 Example 2. 

50 ml of an aqueous plasmin solution hav- 
ing a pH-value of 7.5 and containing 10 
plasmin units per ml and 0.1 mole c-amino 
caproic add per liter are sterile filtered, freeze- 

50 dried and filled into vials. Immediately before 
the use of the plasmin, the freeze-dried pre- 
paration is dissolved in 50 ml of sterile dis- 
tilled water whereby a sterile stabilized plas- 
min preparation having pH 13 is obtained. 

55 BSATAPLE 3. 

45 ml of an aqueous plasmin solution having 
a pH-valoe of 2.5 and containing 20 plasmin 
units per ml are sterile filtered and filled into 
vials. 10 ml of 1 molar phosphate buffer 

60 (pH 7.5) containing lysine in a concentration 
of 1 mole per liter, are sterile filtered and 
filled into inals, too. Immediately before the 
use of the plasmm soludon, 5 ml of the lysme 
solution are added thereto^ whereby a sterile 



stabilized plasmin preparation having a pH- 65 
value of 7.5 is proauced. 

Example 4. 
45 ml of an aqueous plasmin solution hav- 
ing a pH-value of 3.0 and containing 6 plas- 
min units per ml and 948 mg of L-arginine 70 
hydrochloride are sterile filtered and filled 
into vials. 10 ml of 1 molar phosphate buffer 
are sterile filtered and filled into vials, too. 
Inunaliately before the use of the plasmin 
solution 5 ml of the phosphate buffer are 75 
added thereto, whereby a sterile stabilized 
plasmin preparation with pH 7.0 is anived at. 

Example 5. 
An aqueous solution of plasmin in diluted 
sulphuric acid having pH 2—3 is sterile w 
filtered and freeze-dried. A solution of 
L-lysine-monohydrochloride in phosphate 
buffer is sterile filtered and freeze-dried. The 
freeze-dried substances arc mixed together in 
such proportions that the mixture contains 85 
0.04 millimole of lysine per plasmin unit. An 
amount of the produced mixture correspond- 
ing to 500 plasmin units is under sterile con- 
ditions transferred to an infusion bottle hav- 
ing a volume of 500 ml, and the bottle is 90 
sealed after partl^ evacuation. Immcdiatdy 
before the use an injectable solvent in appro- 
priate amount is added to the borde, e.g. in 
the form of sterile distilled ^vater, a stenle 
glucose soludon or sterile sodium chloride 95 
sohition. The said addition is facilitated due 
to the partial vacuum in the bottie. The pH- 
value of the solution will be between 7.0 and 
7.5. 

Example 6. 100 

To 1 liter of an aqueous plasmin solution 
having pH 23 and containing 5.0 units of 
plasmin per milliliter 36.6 g of L-lysine mono- 
hydrochloride are added at 0 to 5®C. When 
die lysine has been dissolved pH is adjusted 105 
to 7.5 and still at 0 to 5°C 1.02 g of KH^PO, 
and 7.56 g of Na^HPOj, 2H2O are added. 
After the phosphate buffer is dissolved the 
solution is sterile filtered. 

Hie sterile filtered solution is filled into HO 
infusion boules and is freeze-dried. 50 ml 
of plasmin solution per infusion bottie (300 
ml) are used. After freeze-drying die botdes 
are sealed and labelled. * 

If desired the sterile filtered solution may 115 
be freeze-dried as a whole and the produced 
powder may thereafter be ground and filled 
into the infusion botdes. 

The effect of the stabilized plasmin solu- 
tions according to the invention which solu- 120 
tions have been produced from swine blood, 
have been tested with excellent results both in 
experiments with animals and in the clinics. 
The dinical experiments did not show any 
antigen effea by the use of the plastmin. Due 125 
to the stabilization the employed plasmin 
solutions contain less amounts of phismin being 
decomposed by autolysis giving rise to toxic 
secondary effects. 
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In the above examples solutions containing 
from 1 to 18 plasmin units per ml are obtained. 
There is, however, nothing to prevent from 
producing more or less concentrated solutions, 
e.g. down to 0.02 plasmin units and up to 
25 plasmin units per ml or more. 

WHAT WE CLAIM IS:— 

1. A plasmin preparation for therapeutic 
use, comprising plasmin and as stabilizer and 
solubilizer therefor 0.002 millimole to 1 milli- 
mole of amino add per unit of plasmin. 

2. Plasmin preparation according to Qaim 
1, wherein the amount of amino acid present 
is 0.05 millimole to 1 millimole per unit of 
plasmin. 

3. Plasmin preparation according to Qaim 1 
or Qaim 2, comprising a solid mixture of 
plasmin and amino acid. 

4. Plasmin preparation according to Qaim 
1 or Qaim 2, comprising an ampoule con* 
taining plasmin in solid form and an ampoule 
containing amino add in solid or dissolved 
form. 

5. Plasmin preparation according to Qaim 
1 or Qaim 2, comprising an ampoule con- 
taining an addified aqueous plasmin solution 
and an ampoule containing amino add in solid 
or dissolved form. 

6. Plasmin preparation according to Qaim 
1 or Qaim 2, comprising an acidified aqueous 
plasmin solution containing amino add 

7. Plasmin preparation according to Qaim 
1 or Qaim 2, which is in a form ready for 
intermediate application and comprises a 
sterile aqueous plasmin solution having a pH 
value of about 7 and amino add. 

8. Plasmin preparation according to any 
preceding daim, wherein the amino add is an 
aliphatic amino*monocarboxylic add. 

9. Flasmia preparation according to any 
one of Qaims 1 to 7, wherein the amino acid 
is one having at least one amino groi:^ bound 
to a carbon atom which is separated from the 
carbox^c add group or groups by at least 
one carbon atom. 



10. Plasmin preparation according to any 
preceding claim, wherein the amino add is 
an aliphatic amino-mono-carboxylic acid widi 
more than 3 carbon atoms and a terminal 
amino group. 

11. Plasmin preparation according to any 
preceding daim, wherein the amino add is 
e*anuno caproic acid or an <^€-diunino 
caprdc acid. 

12. A plasnun preparation for therapeutic 
use substantially as herein described with refer- 
ence to the Examples. 

13. A process for making a plasmin pre- 
paration as claimed in Qaim 1, which com- 
prises dissolving plasmin in an aqueous inject- 
able liquid medium at a pH value of 2 to 3, 
adding the required amount of amino add, 
adjusting the pH value of the resultam mix- 
ture to about 7, filtermg the mixture under 
sterile conditions and freez^^lrying the mix* 
ture. 

14. Process according to Claim 13, wherein 
the amino add is added to the form of an 
aqueous solution. 

15. A process according to Qaim 13 for 
making a plasmin preparadon as dauned in 
Qaim 7, wherein the required amoum of 
sterilised water is added to the freeze-dried 
mixture to provide a solution ready for uxune- 
diate application. 

16. A process according to any one of 
Qaims 13 to 15 substantully as herein de- 
scribed and exemplifi^. 

17. A plasmin preparation whenever ob- 
tained by the process daimed in any one of 
Qaims 13 to 16. 

FORRESTER, KETLEY & CO., 
Chartered Patent Agents, 
Jessel Chambers, 88—90, Chancery T ^nfj 
London, W.C.2, and 
Central House, 75, New Street^ 
Birmingham, 2, 
Agents for tihe Applicants. 
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